Purpose: To investigate factors associated with choroidal microcirculation in the peripapillary chorioretinal atrophy (PPA) zone in eyes with normal-tension glaucoma (NTG) and myopic disc. Methods: In 100 eyes of 100 NTG patients with myopic disc and 20 eyes of 20 agematched myopic controls, 4.5 3 4.5 mm scans were made of the optic nerve head with optical coherence tomography angiography (OCTA). Peripapillary chorioretinal atrophy (PPA) area and PPA superficial choroidal image intensity (PPA-CI) were calculated with IMAGE J software. Clinical characteristics, laser speckle flowgraphy-measured mean blur rate in the temporal tissue area (temporal MT), the central thresholds (the averaged standard automated perimetry-measured visual field thresholds in the four paracentral points) and 3D-OCT-measured ganglion cell complex thickness in the papillomacular bundle (PMB-GCCT) were recorded. Results: The NTG patients had significantly lower intraocular pressure, PMB-GCCT and central threshold values, and a larger PPA area, than the controls. The area under the receiver operating characteristics curve to differentiate NTG with parafoveal scotoma (PFS) from controls was 0.76 for temporal MT, 0.85 for PPA-CI and 0.87 for PMB-GCCT. Univariate and multivariate analyses revealed that PPA-CI was negatively correlated with age, pulse rate, bestcorrected visual acuity, axial length and PPA area, and positively correlated with temporal MT, PMB-GCCT and the central thresholds. Conclusion: Peripapillary chorioretinal atrophy (PPA)-CI was associated with temporal MT, ageing, bradycardia, axial length elongation and changes in central retinal structure and visual function in patients with NTG and myopic disc. Thus, microcirculation deep within the PPA zone might be a clinically useful biomarker of PFS in NTG.
Introduction
Many normal-tension glaucoma (NTG) patients suffer from central visual field disturbances [i.e. parafoveal scotoma (PFS)], even at an early stage, greatly compromising their quality of life (Coeckelbergh et al. 2002; Aspinall et al. 2008) . Reported risk factors for PFS in NTG patients include blood flow (BF)-related factors (Sung et al. 2009 (Sung et al. , 2011 Park et al. 2011 Park et al. , 2012 and myopia (Chihara & Sawada 1990; Chihara & Tanihara 1992; Kimura et al. 2012; Nakazawa et al. 2012) , characterized by crescent peripapillary chorioretinal atrophy (PPA), which typically develops in the temporal region contiguously with the optic nerve head (ONH) (Kim et al. 2012) . Anatomically, the PPA zone is supplied by a branch of the short posterior ciliary artery (SPCA), which then continues on to supply the deeper regions of the ONH in the adjacent temporal sectors via the choroid (Anderson & Braverman 1976; Lieberman et al. 1976) . Thus, because the retinal ganglion cell axons in the papillomacular bundle (PMB), which is closely associated with central visual function (Kobayashi et al. 2015) , pass through the temporal sector of the lamina cribrosa, we hypothesized that impaired PPA circulation might underlie PFS in NTG patients. We tested this hypothesis by using new, noninvasive techniques to measure BF within the PPA zone and the adjacent temporal sectors of the ONH and evaluate the relationship between our findings and NTG with PFS.
The noninvasive techniques in this study included laser speckle flowgraphy (LSFG) and optical coherence tomography angiography (OCTA). Laser speckle flowgraphy (LSFG) is a convenient, reproducible way to evaluate ocular BF (OBF) that is used worldwide (Wang et al. 2012; Shiga et al. 2013a,b; Kiyota et al. 2015; Luft et al. 2016a,b) . This study used LSFG to measure tissue-area mean blur rate (MT). Measure tissue-area mean blur rate (MT) represents BF in the deep regions of the ONH near the lamina cribrosa and can be compared between individuals (Wang et al. 2012; Shiga et al. 2013a,b; Aizawa et al. 2014) . Optical coherence tomography angiography (OCTA) generates angiographic image slices at a variety of depths and has proven particularly useful in studies of glaucoma and other retinal diseases (Zhang et al. 2015; Chen et al. 2016; Matet et al. 2016; Salz et al. 2016) . It is difficult to obtain clear images of the choroidal vessels with OCTA, due to artefacts caused by the retinal pigment epithelium (RPE) and shadows cast by the large surface retinal vessels (Akagi et al. 2016 ). However, the PPA zone lacks an RPE and large surface retinal vessels, mitigating this limitation (Suh et al. 2016 ). Thus, this study used OCTA and LSFG to evaluate choroidal microcirculation within the PPA zone and the adjacent temporal sectors of the ONH and investigate the influence of PPA microcirculation on PMB thickness and central visual function in NTG eyes with myopic disc. To determine the clinical potential of our findings, we determined the cut-off score for OCTA-measured PPA choroidal intensity (PPA-CI) to differentiate myopic eyes with and without NTG and PFS.
Materials and Methods

Subjects
This cross-sectional study was conducted at Tohoku University Hospital in Miyagi, Japan, between April 2016 and March 2017, and adhered to the tenets of the Declaration of Helsinki for research involving human subjects. Written informed consent was obtained from all participants, and the study was approved by the institutional review board of the Tohoku University Graduate School of Medicine.
Participants included 100 NTG patients with myopic disc and 20 agematched nonglaucomatous controls with myopic disc. Myopic disc was defined according to Nicolela's method, which includes the presence of PPA (Nicolela & Drance 1996) . Our purpose was to investigate the relationship between choroidal circulation within the PPA zone and central retinal structure and visual function, so we recruited only eyes in which PPA was adherent to the temporal border of the ONH. Normal-tension glaucoma (NTG) was diagnosed by a glaucoma specialist (T.N.) and was defined according to the presence of the following: (i) glaucomatous ONH changes, with corresponding visual field defects matching the Anderson-Patella criteria; (ii) abnormally reduced circumpapillary retinal nerve fibre layer thickness (cpRNFLT); (iii) a normal, open angle in a gonioscopic examination; (iv) intraocular pressure (IOP) ≤21 mmHg, without medication, at the initial examination and during all follow-up examinations; (v) no history of systemic or ocular disease affecting the visual field; and (vi) a PPA angle along the disc of <270°.
Measurement of clinical variables
We used logarithmic minimum angle of resolution (logMAR) to represent bestcorrected visual acuity (BCVA). Intraocular pressure (IOP) was measured with Goldmann applanation tonometry; axial length was measured with the IOL Master (Zeiss Meditec, Dublin, CA, USA); the visual field was measured with the SITA standard 24-2 program of the Humphrey field analyzer (HFA; Carl Zeiss Meditec); only reliable measurements of the visual field were used. In addition to cpRNFLT, ganglion cell complex thickness (GCCT) in the PMB was measured with spectral-domain OCT (3D OCT-2000; Topcon, Inc., Tokyo, Japan) after pupil dilation with 0.4% tropicamide (Mydrin M; Santen Pharmaceutical Co., Ltd, Osaka, Japan). Before the OCTA and LSFG measurements, patients sat in a quiet room for 10 minutes, following which blood pressure (BP) and pulse rate (PR) were measured. Mean BP and ocular perfusion pressure (OPP) calculations were performed with methods we have previously described (Kiyota et al. 2017 ).
Measurement of central retinal structure and central visual function
We set PMB-GCCT as the central structural variable due to our previous finding that GCCT in the PMB was strongly correlated with measurements of visual thresholds in the corresponding area of the central visual field (Kobayashi et al. 2015; Yoshida et al. 2016 ). We measured PMB-GCCT with 3D OCT-2000 and its supplied software (version 8.11; Topcon, Inc.). After obtaining macular cube scans centred on the fovea, we selected a 6 9 6 mm area and superimposed a 10 9 10 grid covering 20°of the macula. Then, the software automatically calculated GCCT in each area of the grid. Ganglion cell complex thickness (GCCT) within the PMB (shown by the yellow rectangle in Fig. 1 ) was averaged to calculate the value of PMB-GCCT that was used in this study. Central visual function was defined by BCVA and by the average of HFA measurements of visual field thresholds (in dB) in the four paracentral points (shown by the red square in Fig. 1 ). Parafoveal scotoma (PFS) was defined by low total deviation (p < 0.01 versus normal) in the four paracentral test points (Zhang et al. 1997 ).
Assessment of deep ONH BF with LSFG
Optic nerve head (ONH) BF was assessed with the LSFG-NAVI device (Softcare Co., Ltd., Fukutsu, Japan), which measures mean blur rate (MBR) in arbitrary units (AU). First, an ellipsoid was manually drawn around the ONH to define the region of interest (ROI) in composite MBR maps of OBF (Fig. 1) . The supplied LSFG software (LSFG analyzer, version 3.1.59.0) then automatically divided the large vessel and tissue (i.e. capillary) areas of the ONH in the ROI and determined vessel-area MBR and tissue-area MBR separately (MBR in the vessel area and MT, respectively) (Chiba et al. 2011) . Mean blur rate (MBR) was measured in the overall ONH and in the superior, inferior, temporal and nasal quadrants.
Measurement of PPA microcirculation with OCTA Swept-source (SS) OCT angiography was used to obtain 4.5 9 4.5 mm images of the ONH, using the SS OCT Angio device (Topcon Corporation). This was chosen due to our study's focus on microcirculation deep within in the PPA zone. SS-OCT Angio uses a 1 lm wavelength light source and is capable of deep signal penetration through the retina and choroid. Moreover, this device uses a new algorithm, termed the OCTA ratio analysis algorithm, which enables improved detection sensitivity of the microvasculature in the retina and choroid (Stanga et al. 2016; Turgut 2016) .
Our analysis was based on image intensity in the superficial retina and superficial choroid, reflecting our previous finding that image intensity in the peripapillary region at these depths was significantly correlated with MBR (Kiyota et al. 2017) . In this study, the border of the b-PPA zone at each measured depth was delineated manually, with reference to fundus photographs. Image intensity inside the delineated area was analysed with IMAGE J software (Version 1.50e; National Institutes of Health, Bethesda, MD, USA) ( Fig. 1) . We defined image intensity within the PPA zone in the superficial retina as 'PPA retinal intensity' (PPA-RI) and in the superficial choroid as 'PPA choroidal intensity' (PPA-CI). We also calculated the PPA surface area (in mm 2 ) based on pixel counts of the PPA zone, pixel counts of the whole image, the size of the scanning area and the scale of enlargement. Additionally, we measured PPA angle in the subjects, shown as h in Fig 1H. We defined PPA angle as the angle between a line connecting the centre of the ONH and the farthest point on the outer circumference of the PPA zone (shown by the blue line in Fig 1H) and a horizontal line passing through the centre of the ONH (shown by the yellow line in Fig 1H) . A positive h value indicated that the PPA was rotated to the inferior direction, and a negative value indicated rotation in the superior direction. Peripapillary chorioretinal atrophy (PPA) angle was analysed to confirm that PPA developed temporally in the NTG patients. All measured clinical variables were compared in the patients with NTG and myopic disc and the glaucoma-free myopic controls. In the NTG group, we performed univariate and multivariate analyses to identify factors associated with PPA-CI. We also determined the diagnostic ability of temporal MT, PPA-CI and PMB-GCCT to differentiate patients with NTG and PFS from myopic controls.
Statistical analysis
All data are shown as the mean AE standard deviation. An analysis of variance (ANOVA) was used to analyse the significance of differences in variables between the NTG and control groups. The chi-square test was used to determine differences in sex and the use of hypertensive medication between the groups. A multivariate logistic regression analysis was used to determine the IOP-adjusted p value. Pearson's correlation coefficient was used to analyse the relationship between clinical variables and PPA-CI, PMB-GCCT and the central thresholds. A multiple regression analysis with stepwise-forward selection was performed to determine contributing factors to PPA-CI. Delong's test was used to compare the area under the receiver operating characteristics (ROC) curve (AUC). All statistical analyses were performed with JMP software (Pro version 11.2.0; SAS Institute Japan, Inc., Tokyo, Japan). The significance level was set at p < 0.05.
Results
Differences between myopic controls and NTG patients with myopic disc Intraocular pressure (IOP), temporal MT, PPA-RI, PPA-CI, cpRNFLT, The subject was a 57-year-old male normal-tension glaucoma patient with parafoveal scotoma, with the following characteristics: central thresholds, 2.5 dB; axial length, 26.41 mm; PPA area, 0.87 mm 2 ; PMB-ganglion cell complex thickness (PMB-GCCT), 61.9 lm; PPA retinal intensity (PPA-RI), 53.5 AU; PPA choroidal intensity (PPA-CI), 93.5 AU; and pulse rate, 51 bpm. The yellow rectangle comprising a 6 9 2 grid within the 10 9 10 grid (A) shows the PMB area analysed in this study. Papillomacular bundle (PMB)-GCCT represents the average GCCT in this region. The yellow arrow in the grid (A) indicates the location of the OCT B-scan (F). We set the region of interest in the LSFG colour map (C) and OCT angiography images (D,E) referring to the fundus photograph (B). The red square (G) indicates the four paracentral points of the numerical display in the Humphrey 24-2 visual field analyzer, with the average of these values used to represent the central thresholds in this study. The greyscale visual field is also shown. The angle h between the blue line connecting the centre of the optic nerve head (ONH) and the farthest point on the outer circumference of the PPA zone and the horizontal yellow line passing through the centre of the ONH (H) was defined as PPA angle in this study.
PMB-GCCT, MD and the central thresholds were significantly lower, and PPA area was significantly larger, in the NTG patients with myopic disc than the myopic controls (Table 1) . This trend was maintained when IOP was statistically adjusted (Table 1) . No other variables were significantly different (p = 0.07-0.97).
Background factors correlated with PPA-CI, central retinal structure and visual function
As shown in Table 2 , a univariate analysis revealed that PPA-CI was statistically significantly correlated with PR, BCVA, axial length, temporal MT, MD, the central thresholds, cpRNFLT, PMB-GCCT and PPA area. Papillomacular bundle (PMB)-GCCT was correlated with BCVA, axial length, temporal MT, MD, the central thresholds, cpRNFLT, PPA area and PPA-CI. The central thresholds were correlated with BCVA, temporal MT, MD, cpRNFLT, PMB-GCCT and PPA-CI. Best-corrected visual acuity (BCVA) was correlated with temporal MT, MD, the central thresholds, PMB-GCCT and PPA-CI. Other correlations did not reach the level of statistical significance (p = 0.11-0.99).
Contributing factors to PPA-CI in NTG patients with myopic disc
We created three multiple regression analysis models to evaluate contributing factors to PPA-CI. Model 1 included PMB-GCCT, Model 2 included the central thresholds, and Model 3 included BCVA (Table 3) . Model 1 showed that age, PR, axial length and PMB-GCCT independently contributed to PPA-CI. Model 2 showed that age, PR, PPA area, axial length and the central thresholds independently contributed to PPA-CI. Model 3 showed that age, PR, PPA area, axial length and the BCVA independently contributed to PPA-CI.
Diagnostic ability of temporal MT, PPA-CI and PMB-GCCT to differentiate NTG with PFS from myopic controls The AUC to differentiate NTG patients with PFS from controls was 0.76 for temporal MT (0.65-0.85; 95% confidence interval), 0.85 for PPA-CI (0.74-0.92) and 0.87 for PMB-GCCT (0.77-0.93). These AUC values were statistically similar (p = 0.24). The ROC curves for temporal MT, PPA-CI and PMB-GCCT showed that the cut-off scores to differentiate NTG patients with PFS from myopic controls were 8.63 AU for temporal MT, 109.0 AU for PPA-CI and 92.0 lm for PMB-GCCT (Fig. 2) .
Discussion
This cross-sectional study used OCTA to measure PPA-CI, a novel variable representing circulation deep within the PPA zone, and investigated its association with various parameters in NTG patients with myopic disc and its diagnostic ability to differentiate NTG with PFS from myopic controls. We found that decreased PPA-CI was associated with age, bradycardia, axial length elongation, PPA enlargement, LSFG-measured temporal MT and the deterioration of both central retinal structure and visual function in eyes with NTG and myopic disc. Additionally, PPA-CI had a good diagnostic ability to differentiate NTG with PFS from nonglaucomatous myopia.
Our OCTA and LSFG examinations showed that PPA-CI and temporal MT were lower in the NTG patients than the myopic controls and that these variables were significantly correlated with each other in the NTG patients. Furthermore, PPA-CI was correlated with central retinal structure and with visual function, and these correlations were independent of axial length. This suggests that the pathogenesis of impaired central retinal structure and visual function cannot be completely explained by the mechanical stress that axial length elongation places on the temporal axons of the ONH, and raises the possibility that impaired circulation in the PPA zone also contributes. While PPA is much more common in eyes with glaucoma than healthy eyes [21% versus 3%, respectively, (Rockwood & Anderson 1988) ], the majority of eyes with glaucoma do not have PPA, suggesting that PPA is not a result of glaucoma, but rather a risk factor for its development (Park et al. 1996) . Histologically, the choroid is thin or absent in the PPA zone (Fantes & Anderson 1989) , and the PPA zone shows larger perfusion defects in indocyanine green angiography in NTG patients than controls (O'Brart et al. 1997) . Recently, OCTA-measured choroidal microvasculature dropout in the PPA zone was found to be almost identical to these perfusion defects and to be closely topographically associated with glaucomatous visual field defects (Lee et al. 2017) . Anatomically, the deep regions of the ONH are supplied <0.01* BCVA = best-corrected visual acuity, CI = choroidal intensity, NTG = normal-tension glaucoma, PMB-GCCT = papillomacular bundle ganglion cell complex thickness, PPA = peripapillary atrophy, PR = pulse rate. b = standard partial regression coefficient; asterisks indicate statistical significance.
by the adjacent peripapillary choroid via branches of the SPCA (Anderson & Braverman 1976; Lieberman et al. 1976) . Thus, considering current and previous findings together, we speculate that PPA reflects impaired circulation, both locally and in the adjacent temporal segments of the ONH, and that this impairment causes damage to the temporal retinal ganglion cell axons in the PMB, leading to central visual field disturbance. To the best of our knowledge, ours is the first report to use simultaneous OCTA and LSFG measurements to provide evidence for this supposition. Nevertheless, this retrospective cross-sectional study could not establish a causal relationship between decreased PPA-CI and changes in central structure and visual function, calling for a future longitudinal prospective study. An additional finding of this study was that impaired PPA-CI in NTG patients was independently associated with age, PPA area enlargement, axial length elongation and bradycardia. Among these factors, ageing, bradycardia and axial length elongation might reasonably be considered to be causes of decreased PPA-CI, rather than its consequences, because these factors are systemic or related to myopia. The negative effect of ageing on choroidal circulation is reasonable and consistent with previous research (Grunwald et al. 1998) . Similarly, the finding that enlargement of the PPA zone, i.e. extension of RPE atrophy, was associated with decreased PPA-CI, is also reasonable, because the RPE receives its oxygen and nutrients from the choriocapillaris (Akagi et al. 2016) . Interestingly, the negative contribution of axial length to PPA-CI was independent of the contribution of PMB-GCCT. Thus, axial length elongation might be directly related to decreased PPA-CI and not only indirectly related via PMB-GCCT thinning. Possibly, myopic stretching might lead to occlusion of the choriocapillaris within the PPA zone, given that the choroid has a lower capacity for autoregulation than the retina (Shiga et al. 2013a,b) .
Our finding that bradycardia was a risk factor for decreased PPA-CI was of special interest. This is in contrast with previous work (Suh et al. 2016) , which found that lower diastolic BP was a risk factor for dropout in the deep microvasculature of the PPA zone in primary open-angle glaucoma patients, but that PR showed no association. This discrepancy might arise from selection bias in our study, because we included only patients with NTG, excluding those with high-tension glaucoma. Many aetiological studies have shown that lower diastolic BP is a risk factor for the development, prevalence and progression of glaucoma, suggesting that decreased OPP leads to ONH damage via BF impairment (Costa et al. 2014 ). In our study, the NTG patients had significantly lower IOP than the nonglaucoma controls, due to their treatment with anti-glaucoma eye drops. Thus, in the present study, reduced OPP might have made a smaller contribution to glaucoma pathogenesis than it did in previous studies. Interestingly, however, one previous study of NTG patients with systemic autonomic dysfunction showed that they often had an initial presentation that included parafoveal visual field defects . As bradycardia is known to be a manifestation of autonomic dysfunction (Mathias 2007) , the negative correlation we observed between PPA-CI and PR might reflect an association of autonomic dysfunction with impaired local blood supply. Further investigation, including an assessment of the autonomic nervous system, will be needed to confirm this. However, our study agrees with previous research (Suh et al. 2016) in its finding that systemic circulatory factors can contribute to impaired circulation deep within the PPA zone and that this impairment is closely associated with glaucomatous changes to retinal structure and visual function. Our study has several limitations. First, it was a cross-sectional, retrospective study enrolling only Japanese NTG patients. However, the NTG patients were carefully selected by an experienced glaucoma specialist (T.N.), and the myopic control subjects were closely matched with the NTG patients for all background factors. Second, we only investigated the relationship between PPA-CI and central retinal structure and visual function, even though PPA occurs not only temporally, but also inferotemporally (Asai et al. 2017) . To confirm that we recruited eyes with PPA adherent to the temporal border of the ONH, we measured PPA angle in the patients. We found that the average angle in the NTG eyes was 11.9 AE 16.4 degrees and that PPA angle in all patients was within AE45 degrees. Additionally, we measured cpRNFLT in the four quadrants (i.e. temporal, nasal, superior and inferior) and determined the correlation with PPA-CI. The results were as follows: PPA-CI versus temporal cpRNFLT, r = 0.57, p < 0.0001; PPA-CI versus nasal cpRNFLT, r = 0.45, p < 0.0001; PPA-CI versus superior cpRNFLT, r = 0.12, p = 0.25; and PPA-CI versus inferior cpRNFLT, r = 0.37, p = 0.0002 (data not previously shown). The strongest correlation was between PPA-CI and temporal cpRNFLT, thus confirming that PPA in the patients in this study developed in the temporal sector of the ONH. Nevertheless, we consider that an investigation of the relationship between PPA-CI and retinal structural and functional changes in the topographically corresponding area would be very interesting, and we hope to perform such an investigation in the future. Third, while previous studies used OCTA to identify microvasculature dropout deep within the PPA zone, this study used OCTA image intensity in this region to ensure objectivity and to obtain continuous measurement variables that could be used to determine cut-off scores. However, the precision of the resulting PPA-CI measurements may have been affected by projection artefacts caused by the retinal vasculature or by the presence of choroidal large vessels. Thus, our OCTA method may need to be improved, such as by including software that could remove such biases from the ROI. Other technical problems with OCTA include limited image intensity with high BF velocity, which has previously been described as the saturation effect (Jia et al. 2012 (Jia et al. , 2014 . Both OCTA and LSFG have technical limitations, and neither device can yet be considered a gold standard for BF measurement. Nevertheless, we previously showed that MT was highly correlated in the ONH with the microsphere and hydrogen gas clearance methods in an animal model (Aizawa et al. 2014) , and OCTA image intensity in the peripapillary region at the superficial choroidal layer was correlated with MT (Kiyota et al. 2017) . Therefore, we believe that the OCTA and LSFG-derived variables used in this and previous studies constitute at least approximate information on BF volume, including factors such as vessel calibre, density and flow velocity. Further investigation is needed to clarify the accuracy of these devices. A fourth limitation of our study was the possible effect of the use of medication by our subjects. To compensate for this, we matched the NTG and control groups for the use of hypertensive medication. Furthermore, the NTG patients showed no significant difference in PR in users and nonusers of b-blocker eye drops, nor in PPA-CI in users and nonusers of hypertensive medication (p = 0.13-0.89). Thus, the effect of these drugs on our results should have been minimal. A fifth limitation of this paper was our inclusion only of subjects with clinically evident PPA, which led us to include patients with all stages of NTG, with or without peripheral visual field defects. In the end stages of glaucoma, any configuration of visual field defect reaches the central visual area, thus creating the possibility that the inclusion of end-stage glaucoma patients might have affected our results. Therefore, our results must be considered to show only that central retinal structure and visual function can be affected regardless of glaucoma stage. To investigate possibilities for early detection, it will be necessary to recruit patients with initial PFS. However, we found that PMB-GCCT, the central thresholds and PPA-CI were still significantly lower in the mild NTG patients than the controls (p < 0.01, data not shown). Therefore, we believe that PPA-CI can serve as a useful biomarker of central visual impairment in NTG.
In conclusion, we found that systemic and myopia-related factors were associated with impaired microcirculation deep within the PPA, represented by the novel measurement variable PPA-CI. Furthermore, this impairment was associated with reduced microcirculation in the adjacent temporal ONH, raising the possibility that impaired circulation deep within the PPA contributes to the pathogenesis of central visual field defects in glaucoma. Additionally, PPA-CI had a good diagnostic ability to differentiate NTG with PFS from nonglaucomatous myopia. These results promise to help shed light on the pathophysiology of NTG with myopic disc, and suggest that in the future, OCTA assessment of the microcirculation deep within the PPA might be a useful addition to the diagnosis of NTG, especially regarding the presence and development of PFS.
